We present Higgs-Portal dark matter (DM) models to explain the reported Galactic Center GeV gamma-ray excess. Naive effective theories are inconsistent with direct detection constraint for the relevant parameter range. Simple extended models with dark gauge symmetries can easily accommodate the gamma-ray excess through the Higgs-Portal coupling while satisfying various constraints.
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The above covariant derivative D µ on Φ is defined as
Assuming that the U (1) X -charged complex scalar Φ develops a nonzero vev, v Φ ,
which breaks U (1) X spontaneously. Therefore X µ gets mass M X = g X v Φ , and dark Higgs field ϕ will mix with the SM Higgs field h through the Higgs-portal λ HΦ term. The mixing matrix O between the two scalar fields is defined as
where , 2) are the mass eigenstates with masses m i . H 1 is conventionally identifid as the new observed Higgs at the LHC with m 1 = 125GeV. The mixing angle α is determined by
The small mixing between H 2 and H 1 enable H 2 decay into SM fermion pairs which give the required prompt gamma-ray flux since heavy quarks can be dominant channels.
II. HIGGS-PORTAL DM MODEL WITH LOCAL Z3 SYMMETRY
In this section, we consider a scalar DM model with local Z 3 symmetry [6] in which a local U (1) X symmetry is spontaneously broken into Z 3 . This can be realized with two complex scalar fields, φ X and X, with the U (1) X charges equal to 1 and 1/3, respectively. Here we intend to explain the gamma-ray signal [4] . The renormalizable Lagrangian is
where
The coupling λ 3 is a real, positive number. After the symmetry breaking, we have
where H and φ X have non-zero vacuum expectation values (VEVs). Then EW symmetry is broken into U (1) em and dark U (1) X gauge symmetry is broken into discrete Z 3 , which stabilizes scalar DM X. Expand scalar fields around Eq. (7),
The dominant annihilation channels. H2 can decay into DM fermions due to its mixing with H1.
Feynman diagrams for XX semi-annihilation into H2 and Z .
we find two scalar bosons h and φ mix with each other, resulting in two mass eigenstates H 1 and H 2 with
in terms of the mixing angle α. We shall identify H 1 as the recent discovered Higgs boson with M H1 125GeV and treat M H2 freely. EW and dark gauge symmetry breaking also leads to mixing among neutral gauge bosons. The mass eigenstates (A µ , Z µ , Z µ ) are defined by
New parameters are introduced for parametrization:
From Eq. (10) we notice that SM particles can have interaction with dark photon Z µ and Z µ can decay into SM fermion pairs. The physical masses for four gauge bosons at tree level in our model are given by
The gamma ray from DM annihilation is given by
where σv f ann is the thermal annihilation cross section, dN f γ /dE γ is prompt gamma-ray spectrum, r = r 2 + r 2 − 2r r cos θ, r is the distance to earth from the DM annihilation point, r 8.5kpc for solar system and θ is the observation angle between the line-of-sight and the center of Milky Way. We use NFW density profile for DM, FIG. 4: Gamma-ray spectra from X's (semi-)annihilation into H2(left) and Z (right). mH 2 or m Z in GeV is chosen to be close to mX to avoid large Lorentz boost. Data points are extracted from [1] .
with parameters r c 20kpc and ρ 0.4GeV/cm 3 . We have chosen several illustrating examples in Fig. 4 , which shown that the gamma-ray spectra from DM annihilation in our Z 3 model can indeed fit with the reported excess. Both annihilation and semi-annihilation process are relevant.
III. SUMMARY
We have shown Higgs-portal dark matter models with hidden symmetries can explain the recently reported GeV gamma-ray from Galactic center. Depending on the specific model setup, Higgs-portal interaction or kinetic mixing term can induce the dark higgs or Z 's decay into SM fermions, which then result in the required gamma-ray flux. Details of parameter space can be found in [7] .
